It is shown that the work of Cercignani and Tironi on Maxwell's boundary conditions method can be improved in a simple and logical way. The technique for improvement is illustrated by a study of the linearized plane Couette flow problem and it is found that the proposed modification yields results that are identical with some highly accurate variational results.
I. Introduction
Theoretical interest in the kinetic theory of gases dates back to the classical work of MAXWELL 1 , who, in his attempts to explain the experimental results of Kundt and Warburg and Reynolds, developed a simple and reasonably effective approach. In essence, Maxwell noticed the discontinuity of the distribution near the surface, made some simple and plausible approximations for the distribution incident on the surface, and then by using the momentum or heat transfer considerations he arrived at some fairly accurate results for the slip or the jump terms. These ideas of Kramer's problem and the temperature jump problem, Maxwell's approach is quite satisfactory; however for the thermal creep 10 Although not explicitly demonstrated in their work (due to several algebraic arrors), the method is quite satisfactory for the problems they treated. However, the boundary conditions method as presented by Cercignani and Tironi would suffer from the same defects as Maxwell's slip calculations when applied to such cross-effects as thermal transpiration or diffusion. Thus it seems natural to examine the feasibility of the modified approach at all rarefactions. Further, since CT indicate that the boundary conditions method could be useful in treating non-linear problems, a basic improvement in the development of the method should be of interest.
It is, therefore, the purpose of this paper to investigate the possibilities of modifications in the boundary conditions method. Specifically linearized Couette flow 9 -20 problem is considered and it is shown that by a simple and logical modification of the work of Cercignani and Tironi highly accurate results are obtained. Once again, the expression obtained for the stress is identical to that derived using a variational method 9 . Since similar considerations apply to other widely studied problems (Poiseuille flow, thermal creep, etc.), and since detailed numerical results for these problems are already available, they will not be pursued in detail here. 
II. Linearized Plane Couette Flow
This problem is among the most widely studied problems in the kinetic theory and it has, in a sense, been a test bed for the accuracy of various approximate methods 9 -20 . One is interested here in the stress in a gas enclosed between two parallel plates located at x = ^ d/2 and moving with velocities uo/2 < 1 in the z-direction. If 0(x, c) is a measure of the perturbation in the distribution function f(x, c) from an absolute maxwellian /o (corresponding to the conditions at x = 0), then, for the diffuse reflection at the plates, it is easily shown that 0 is determined by the linearized Boltzmann equation
and the boundary conditions is a viscosity mean free path. Here fi is the viscosity of the gas and Q is the density. Note that in the linearized problem (1) - (2) 
-oo 4' c *) = =F 1
For later use, it is convenient now to introduce the integral equation corresponding to the Eqs. (3) and (4). It is easily shown that
where the operators U and E are given by
and
Also, q{x), the mass velocity is defined by oo q (*) = -172 j dc x exp (-4) g (x, cx).
It is well known that the Eq. (3) possesses a particular solution (an additive constant is ruled out by virtue of the anti-symmetry in the problem.)
Where a is an arbitrary constant. Expression (9) is, in fact, the Chapman-Enskog solution corresponding to the BGK model and is realized in the bulk of the gas where the effect of the kinetic layers is not large.
Now we note two constraints that must be satisfied by any solution of the problem (as we shall see in the sequel, these two constraints play the central role in the approximation method to be discussed here). Multiplying Eq. (3) by exp( -cj) and integrating we find that
where for the scalar product we have used the notation {gi{x,cx),g2{x,cx)) (11) oo = ^r/2 f dc x exp (-4) gi (x, cx)g2 {x, cx).
-oo Next, taking scalar product (11) 
Relations (10) and (12) indicate that the two scalar products (cx, g(x, cx)) (which really corresponds to stress) and (4, g(x, cx)) can be adequately described by the asymptotic solution (9). Thus we could write
Where a is, as yet, an unknown constant. From the above equations, it is quite clear that at x= -dj2 we should have,
(40(-*/2>Cx)) = -(a/4)d.
These two equations, in a way, constitute boundary conditions that should be satisfied by any solution of the problem. It is further noted that the ratio of stress pxz to its value in the free molecular limit iPxzjm) is given by Thus it is sufficient to construct an approximate procedure for the evaluation of a. Maxwell's approach, as extended by Cercignani and Tironi, consists in using the boundary condition (15) alone for this purpose. Following Maxwell, CT reason that an approximation for g ( -d/2,cx) , cx < 0 can be obtained by assuming that in the gas the hydrodvnamic velocity profile q(x) = y.x prevails. Thus CT write oo 9( x ) = ^I72 J d^e xp(-cx 2 )y.{x-cx) = ax (18) and, thus, they assume
ri{-cx)g(-

Y>C*)
= rj(-cx)[U(oix) + UE(-sgncx)]x=_dl2
( 19) i.e., at x = -<2/2 the distribution is assigned the form 
and, this is then used in the Eq. (15) to determine a. This procedure yields
Where Tv (x) are the well studied Abramowitz functions, oo Tv{x) = jdttve-12 -*! 1 .
(
22) ö
The result (21), however, is different from the one reported by CERCIGNANI and TIRONI 18 . It appears that Cercignani and Tironi have committed an algebraic error in their Eq. (3.5), and that their corrected results should agree with the Eq. (21) given above. Numerical results corresponding to Eq. (21) are given in the Table 1 and indicate that while CT found a difference of up to 12% from the exact results (obtained via numerical methods or the variational methods), the corrected results in fact differ from the exact results by a maximum of 5%. In what follows, we show how even this difference can be removed by modifying the above approach in a simple and meaningful way.
Essentially, we wish to use the additional information that is provided by the Eq. (16). Clearly, this should allow the determination of a second adjustable constant. Since the kinetic layers contain deviations from the continuum profile, a better approximation for the incident distribution can be made by stipulating that, on the average, the velocity profile in the whole gas may be more reasonably described as q (x) = a' x = (a -f-ß) x, where ß is at present some other unknown constant. Thus we write, ' * W 
and then use the Eqs. (15) and (16) to determine a and ß. We immediately find
Ts(d)^j a
These two equations may be readily solved for a, and after some simple algebraic manipulations we can write the final result in the form 
III. Discussions and Conclusions
We have shown that the boundary conditions method is capable of yielding remarkably accurate results. It is rather interesting to find that as for the slip problems, this approach leads to results that and this corrected equation predicts a Poiseuille flow rate that is with in 5% of the variational results -as compared to 17% deviation obtained by Cercignani and Tironi.
It seems to us that it will be quite interesting to investigate the feasibility of the boundary conditions method for non-linear problems. Since this method is already superior to Lees and Liu moment method in the linear case, it would not be surprising if a similar situation occurs in the non-linear case. Investigations on the non-linear Couette flow 21 -22 problem have been initiated and if the technique
